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THE TRANSLOCATION OF CALCIUM IN A SOIL

Benjamin Dunbar Wilson

The presence of calcium in soil is of extreme importance. The action

of this element, when applied in different chemical combinations to soil,

has been investigated extensively. In spite of the fact that much has

been written on the subject of calcium in soil, it is evident from a review

of the literature that the movement of calcium in soil has received but

little attention. Definite information in relation to the translocation

of calcium in soil, under carefully controlled laboratory or field condi-

tions, is unsupplied.

The present investigation was undertaken in an attempt to answer the

following questions: (1) Does the calcium applied to a soil move down-

ward or does it remain in the upper few inches of soil? (2) If the calcium

does move downward, to what extent does it move?

REVIEW OF LITERATURE

The only study that has been made on the downward movement of

calcium in soils under controlled laboratory conditions, so far as the

writer has been able to discover, is that of Broughton (1912). 1 In that

experiment the movement of calcium thru sandy, loam, and clay soils

was determined, the calcium being applied in different forms. It was

found that the movement of calcium thru a soil was governed largely

by the physical constitution of the latter, the calcium salts diffusing most

rapidly thru a sandy soil, less rapidly thru a loam soil, and only slightly

thru a clay soil. Some of the differences which the author reports in the

movement of calcium, resulting from the different treatments that were

used, might have disappeared had the treatments been repeated a greater

number of times ; also, the method employed for sampling pots at different

intervals necessitated a disturbance of the soils within the pots, which

may have resulted in some mechanical movement of calcium.

Several investigators have endeavored to determine the translocation

of calcium in field soils by comparing the quantity of calcium found at

Dates in parenthesis refer to Literature cited, page 324.
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300 Benjamin Dunbar Wilson

different depths in soils that had received an application of calcium in some

form with that in other soils of the same type that had not been treated

with any form of calcium. Mclntire (1913) analyzed a silty loam soil

for calcium at different depths from plats that had received large appli-

cations of either calcium oxid or calcium carbonate for a period of thirty

years. From a comparison of the calcium found in the treated soil

with that found in the soil from adjacent untreated plats, it was con-

cluded that calcium applied in either form at the surface of such soil

moves downward very slowly, most of it remaining for years in the

surface soil.

The analyses for calcium carbonate in the surface soils and subsoils of

Broadbalk and Hoos fields at Rothamsted, which have been made at dif-

ferent times since 1865 as reported by Hall and Miller (1905), show that

the subsoils have decreased in calcium, as well as the surface soils, which

latter had received large applications of calcium previous to 1865 and

which since that time have received yearly, for more than fifty years,

the same fertilizer treatments. The results indicate that there has been

no accumulation of calcium in the subsoils, altho there seems to be a

tendency for an increase in the subsoils where ammonium sulfate has been

applied from year to year to the surface soils.

Veitch (1904) studied the downward movement of calcium in soils by

determining the soil acidity at varied depths. The results of his investi-

gation showed that when calcium oxid was applied to soils its neutral-

izing effect was exerted only to the depth to which it was incorporated

with the soils during the various processes of preparation and culti-

vation.

Ames and Schollenberger (1916) present data to show the depth of soil

affected by applications of calcium salts. Soils that had been so treated

were sampled at different depths and their lime requirements determined

by the Hopkins and vacuum methods. The indications were that light

applications of lime have considerable effect on the subsoil, at least to a

depth of twenty-four inches.

White (1914) reports, from studies made on soils in the field, that

calcium does not move horizontally to any considerable degree by diffusion,

as soil rich in calcium carbonate was found within eighteen inches of soil

distinctly acid.
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•King (1904) studied the capillary movement of calcium thru soils by
filling galvanized cylinders, provided with reservoirs at their bases, with

different types of soil. A calcium solution applied at the bottom of the

soil columns was permitted to rise by capillarity thru the soils. The
results of the experiment tended to show that there was a slight upward
movement of calcium.

A comparison of the calcium content of surface and subsurface soils

as reported by Smith (1884), Snyder (1899), Ames and Gaither (1913),

Shorey, Fry, and Hazen (1917), and others, does not permit of any general

conclusion as to whether surface soils or subsurface soils contain the

greater amount of calcium. Consequently such a consideration is of no

value in a study of the translocation of calcium in soil.

A review of the literature reveals the fact that the studies thus far

made on the movement of calcium in soil have been confined almost

entirely to field experimentation and have been carried on as side experi-

ments. Results obtained under such conditions are not absolute. The
calcium content of soils is not always constant, and in comparing one

soil with another this fact alone may lead to erroneous conclusions.

Some investigators have used a method for the determination of lime

requirement as a measure of calcium in soils. Such a practice is open

to criticism, as a lime requirement is an estimation of the absorptive

power of a soil for basic material, not a measure of its calcium content.

If calcium should liberate any of the soil bases, such a reaction might

account for any decrease found in the lime requirement of the subsoil

rather than the actual downward movement of calcium.

As previously stated, very little experimental evidence is available

concerning the movement of calcium in soil under carefully controlled

conditions. In view of this fact the experiments detailed herein were

undertaken.

EXPERIMENTAL WORK

Plan of the investigation

The investigation consisted of three experiments. These are briefly

outlined as follows:

Experiment 1.— In the first experiment the translocation of calcium

in soil was studied by leaching soil contained in pots with distilled water.

The soil was placed in the pots in three layers. In some of the pots
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calcium as oxid, and in others calcium as carbonate, was incorporated

with the surface layer to test the possible downward movement of this

element; in other pots the calcium was mixed with the bottom layer of

soil to determine its tendency to move upward. The downward move-

ments of calcium oxid and calcium carbonate, when applied to a soil in

medium, large, and excessive amounts and in equivalent quantities of

calcium, were collated. The oxid was added as burned limestone, and

the carbonate as ground limestone and precipitated calcium carbonate. 2

The state of division of the ground limestone used in the experiment

was such that it passed thru a 100-mesh sieve and was held on a 200-mesh

sieve. One set of the pots was leached for six months and another set

for one year, and at the end of each period the layers of soil in each pot

were analyzed for total calcium in contemplation of determining its

movement. The experiment was set up in quadruplicate.

Experiment 2.— In the second experiment the downward movement of

calcium was determined when lots of ground limestone, differing in

fineness of division, were applied to the soil in equivalent quantities.

Pots filled with soil in three layers were treated with the ground limestone

in the top layer, and were leached with distilled water for one year.

Limestone of four grades of fineness was used in treating the different

pots, the treatment with each grade being repeated four times.

Experiment 3.— In the third experiment a comparative study was

made of the diffusibility of calcium in a cropped and an uncropped soil.

Pots were filled with soil arranged in layers, treated in the surface layer

with burned limestone, and leached with distilled water for five months.

Soil used

The soil used in the investigation was a Dunkirk clayey silt loam, a

glacial till soil low in organic matter. It comprises the greater part of

the soil on the farm of the Cornell University Agricultural Experiment

Station, and for this reason it was selected for study. A chemical and a

mechanical analysis of this soil, taken from the files of the Department

of Soil Technology, Cornell University, follow:

- Twice as much ground limestone as burned limestone was applied to the pots. Consequently the
quantity of calcium added to the pots treated with ground limestone was slightly in excess of that added
to the pots that received a treatment of burned limestone. As it is customary when applying calcium to
field soils to follow such a procedure, this ratio was used in experiments 1 and 2.
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Chemical Analysis (Bulk)

(An average of the analyses of nine samples)
Surface per cent

Organic carbon 1 . 670

Carbon dioxid : Trace

Potassium oxid 1 . 740

Calcium oxid 0.430

Magnesium oxid . 450

Sodium oxid 1 .090

Nitrogen 0. 186

Phosphoric anhydrid . 123

Mechanical Analysis

(An average of the analyses of three samples)
Surface per cent

Fine gravel 0.5

Coarse sand 0.8

Medium sand 0.6

Fine sand 2.7

Very fine sand 9.5

Silt 67.3

Clay 18.6

Total 100.0

A large quantity of soil was necessary to carry out the experiments,

and this was collected at three different times. For convenience, the

three soils thus obtained are designated as X, Y, and Z. Soil X was

used for experiment 1, soil Y for experiment 2, and soil Z for experiment

3. All three soils were surface soils taken from a roadside adjoining

Caldwell Field, a part of the experiment station farm. Each lot was

taken to the greenhouse, where it was screened and thoroly mixed, the

screenings being discarded. The three soils were in good physical

condition.

A representative sample was taken from each of the soils and prepared

for analysis. The lime requirement and the calcium content of each are
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shown in table 1. The lime requirements were determined by the Veitch

(1904) method, and are expressed as parts per million of calcium oxid

necessary to correct the acidity in the oven-dried soils. Calcium was

determined as recommended by the Ohio Agricultural Experiment Sta-

tion (Ames and Gaither, 1913). This method was used for all the deter-

minations of calcium that were made thruout the investigation, and

consists essentially in fusing the soil with a mixture of sodium and potas-

sium carbonates, precipitating the calcium as calcium oxalate after the

removal of silicon, iron, aluminum, and manganese, and titrating the

filtered precipitate with a standard solution of potassium permanganate.

TABLE 1. Lime Requirements and Percentages of Calcium in Soils X, Y, and Z

Soil
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ment, the three-kilogram portions of soil containing the calcium treat-

ments were placed in the bottom of the pots, the top and middle layers

consisting of five kilograms each. The layers were separated with wire

netting, as described above.

The soil was placed in the pots in layers in order that the calcium-

treated soil might be separated from the untreated soil, as well as for a

division of the latter, when the pots were opened. The object in dividing

the untreated soil into layers was to make possible a comparison of the

amounts of calcium in them with reference to their distance from the

calcium -treated soil.

Treatment of pots

The treatment of the pots in the three experiments may be outlined

as follows:

Experiment 1. Translocation of Calcium Oxid and Calcium Carbonate in Soil

Nos. of pots
Treatment

(pounds per acre)

Treated
layer

1, 2, 3, 4

5,6,7,8

9, 10, 11, 12.

13, 14, 15, 16

17, 18, 19, 20
21, 22, 23, 24

25, 26, 27, 28

29, 30, 31, 32
33, 34, 35, 36

37, 38, 39, 40
41, 42, 43, 44

45, 46, 47, 48
49, 50, 51, 52

53, 54, 55, 56

3,000 CaO. .

.

3,000 CaO...

9,000 CaO...
9,000 CaO. . .

15,000 CaO..
15,000 CaO..

15,000 CaO..

6,000 CaC03 .

6,000 CaC0 3 .

18,000 CaC03

18,000 CaCOj

30,000 CaCOs
30,000 CaCOs

30,000 CaC0 3

Top
Top

Top
Top

Top
Top

Bottom

Top
Top

Top
Top

Top
Top

Bottom
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Experiment 2. Downward Movement of Ground Limestone of Different Degrees
of Fineness thru Soil

Nos. of pots
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TABLE 2. Date of Treatment and Amount of Distilled Wateb Applied to Pots
of Experiments 1 and 2
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This arrangement afforded excellent drainage. In all the experiments a

quartz-sand mulch one-half inch thick, placed on the surface of the soil,

prevented evaporation from the pots.

Bicarbonate (HC03) content of the drainage water

The amount of bicarbonate (HC03 ) contained in the drainage water

from the pots leached for one year was determined frequently during the

investigation. Samples for analysis were collected in small Erlenmeyer

Fig. 72. arrangement of pots for leaching

flasks placed in such a manner as to catch the teachings as they came
from the pots. It was evident that the bicarbonate content of the solutions

would depend somewhat on the amount of percolation that had occurred

immediately before the samples were collected for analysis, but this fact

was not objectionable as the determinations were made only that some
idea of the abundance of the bicarbonate in the leachings might be known.

It is seen from table 3 that the quantities of bicarbonate found in the

drainage water from the pots, expressed in parts per million of solution,

were sufficient to exert considerable influence on the solubility of the

calcium oxid or calcium carbonate with which the pots were treated, and
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would lead one to believe that the water applied to the surface of the soil

in the pots passed downward thru the soil, not between the soil and the

sides of the pots.

TABLE 3. Bicarbonate (HCO3) Content of Drainage Water from Pots Leached
with Distilled Water for One Year

(Average for similarly treated pots in parts per million of solution)

Nos.
of pots

1 to 4 .

to 12.

17 to 20.

29 to 32

.

37 to 40

.

45 to 48

.

57 to 60

.

61 to 04

.

65 to 68

.

09 to 72

.

Treatment
(pounds per acre)

3,000 CaO
9,000 CaO
15,000 CaO

6,000 CaC03

18,000 CaC03

30,000 CaCOa

9,000 CaCO,, thru 10-

mesh, held on 32-mesh.

9,000 CaC0 3 , thru 50-

mesh, held on 100-

mesh
9,000 CaCOs, thru 200-

mesh
9,000 precipitated
CaC0 3

Jan.

18

139

125

132

144
165

141

109

83

104

128

Date of collection of drainage water

Feb. Mar.
21 20

112

113

135

112

125

130

92

71

100

115

110
92
139

82
88
113

87

55

82

01

Apr.

10

74
82
143

56
71

82

61

58

64

68

June
10

162

163

266

121

111

91

81

53

94

92

July Aug.
11 17

155

200
279

121

127

82

69

51

81

81

56
74
139

41
51

55

35

30

63

44

Oct.

3

42
60
122

39
37
34

28

21

32

30

Nov.
6

99
125
188

77
73
60

35

32

63

39

Experiment 3

As previously stated, the object of experiment 3 was to determine the

effect of a crop on the downward movement of calcium in soil. Eight

pots were used for this purpose. The soil was placed in them in three

layers, as has been described, and each pot received a treatment of burned

limestone equivalent to an application of 3000 pounds to the acre. The

experiment was begun on February 18, 1916, when four of the pots were

planted to oats. Thirty seeds, which had been previously sterilized

with a solution of calcium hypochlorite as suggested by Wilson (1915)

were planted in each of the four pots, and the plants were thinned to

twelve in a pot on February 26. The crop was harvested on July 18,

just five months after it was planted and about the time when the grain
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was ripe. There was a good stand of oats on all the planted pots at the

time when the crop was harvested.

The four implanted pots were leached with distilled water at the same

rate as were those in the foregoing experiments, which amounted to

17^ liters for five months. It was necessary to add more water to the pots

on which the plants were grown, to make up for that lost by transpiration.

During the period of growth 25| liters of distilled water was applied to

these pots. In table 4 are shown the amount of water applied to the

planted and the implanted pots from time to time during the experiment,

and the dates of its application:

TABLE 4. Dates of Treatment and Amounts of Distilled Water Applied to Pots
of Experiment 3

No. of treatment
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were allowed to stand for several days in this condition until the soil was

dry enough to be in a good workable condition. A large spatula was

used to loosen the soil from the sides of the pots, and by this means it

was possible, when inverting the pots, to slide the soil from them as a

solid cylindrical mass (fig. 73). In order to guard against the possibility

that calcium salts might have been carried down mechanically, during

the course of the experiments, between the soil and the sides of the pots,

the outside soil of. the entire soil mass was removed with a knife, leaving

what might be called an inner core of soil. This inner soil core was

Fig. 73. cores of soil as they came from the pots, before and after division

divided into three layers by inserting a spatula where the pieces of wire

netting had been placed in the soil at the time when the pots were filled

(fig. 74). The three layers thus obtained were placed in different

receptacles, and a representative sample taken from each of them was

air-dried. A portion of this air-dried sample was passed thru a 32-mesh

sieve, oven-dried over night, and finally placed in an air-tight eight-ounce

bottle, which was set aside until the soil could be analyzed for total

calcium according to the method already described (page 304).

None of the soil layers into which some form of calcium had been

placed were analyzed for this constituent at the end of the experiments,
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Fig. 74. left: the bottom of a core of soil.

right: a core of soil divided into its three layers, showing wire
netting used

but the amount of calcium present in them at the beginning of the experi-

ments is given in tables 5 to 9. The percentages of calcium found in

the analyzed layers at the end of the experiments are taken as an indi-

cation of the translocation of this element thru the soil, and are also given

in the tables.

TABLE 5. Experiment 1— Percentages of Calcium in Second and Third Layers

of Soil from Pots Leached with Distilled "Water for Six Months

(Calcium treatments placed in first layer of soil)
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TABLE 5 (concluded)
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TABLE 6. Experiment 1 — Percentages of Calcium in Second and Third Layers
of Soil from Pots Leached with Distilled Water for One Year

(Calcium treatments placed in first layer of soil)



The Translocation of Calcium in a Soil 315

TABLE 7. Experiment 1 — Percentages of Calcium in First and Second Layers
of Soil from Pots Leached with Distilled Water for One Year

(Calcium treatments placed in third layer of soil)
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TABLE 9. Experiment 3

—

Percentages of Calcium in Second and Third Layers
of Cropped and Uncropped Soil from Pots Leached with Distilled Water for
Five Months

(Calcium treatments placed in first layer of soil)
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convenience the letters in the extreme right-hand column of each table

are used to designate the different pot treatments.

Peter's formula as given by Mellor (1909) was used in determining

the probable errors. According to this formula
;
the probable error, R,

of the arithmetical mean of a series of observations is

2 (+ v)
R = ± 0.8453 -—!==

n\n-i

in which - (+ v) denotes the sum of the deviations of every observation

from the mean, their sign being disregarded, and n denotes the number

of observations actually made. The increase of calcium in one layer of

soil over that in another layer, in pots similarly or dissimilarly treated,

or the amount of calcium present in the soil from a calcium-treated pot

over that in the original soil at the beginning of the experiment, can be

determined by subtracting the arithmetical mean value of calcium for any

one particular soil from that for any other soil, the probable error of the

difference being derived from the formula

E = \ E !
2 + E 2

-

in which Ei is the probable error of one mean, and E2 the probable error

of the other. This procedure is followed in explaining the results of the

experiments shown in tables 5 to 9.

A comparison of the amounts of calcium found by analysis in the

analyzed soil layers from pots that were similarly treated is given in

table 10, which was compiled from the data given in tables 5 to 9 inclusive.

This table shows that in eleven cases out of twenty there was a greater

amount of calcium in the layer of soil adjoining the one that had been

treated with calcium, that in eight of the cases the soil layer farther

removed from the treated layer contained the greater percentage of

calcium, and that in one case there was an equal amount of calcium in

each of the untreated soil layers. The differences in the amounts of

calcium in the two soil layers are not great enough to be of any conse-

quence, however. Wood and Stratton (1910) have shown that in order

to be significant, differences resulting from different treatments should

be at least 3.8 times their probable error, corresponding to odds of 30 to

1 that such differences are real and not due to normal variation. As none

of the differences appearing in table 10 are significant, it is safe to con-
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elude that the soil layers which were analyzed did not differ in their

calcium content for any one particular treatment. This being true, the

remainder of the discussion of the results may be confined to a con-

sideration of the soil layer adjacent to the layer receiving the calcium

treatment. In every case, regardless of the position of the calcium-treated

layers in the pots, this is the second layer of soil.

TABLE 10. Comparison op the Amounts of Calcium in the Analyzed Layers of
Soil from Pots Similarly Treated

(For the differences to be significant, the mean must be 3.8 times the probable error)
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Results of experiment 1

The differences in the percentage of calcium in the second layer of

soil, resulting from different calcium treatments, are shown in table 11. It

is evident from this table that in the one case when the mean is greater

than 3.8 times the probable error, the soil from the pots receiving treat-

TABLE 11. Comparison of the Amounts of Calcium in the Second Layer of Soil
from Pots Differently Treated in Experiment 1

(For the differences to be significant, the mean must be 3.8 times the probable error)

Treatments
compared
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was leached for twelve months, this relationship between the burned and

the ground limestone treatments is not shown, as can be seen from the

table. It seems reasonable to believe that the results from the soil that

was leached for the longer period are nearer the truth, as this soil had a

longer time in which to become adjusted to the conditions of the experi-

ment. If this assumption is true, it can be concluded from the results

given in table 11 that the burned limestone did not move downward in

the soil more rapidly than did the ground limestone. The table also

reveals the fact that there was no more calcium present in the second

layer of soil resulting from larger applications of burned limestone than

there was from smaller applications of this substance, and that there

was no appreciable difference between the amounts of calcium present

in the second layer of soil from the pots that had been treated with either

burned limestone or ground limestone in the third layer.

The question now arising is whether or not the amounts of calcium

present in the second layer of soil from the pots in experiment 1 which

were treated with burned limestone (since the tendency was for the pots

treated with burned limestone to contain more calcium in the second

soil layer than those treated with ground limestone) are large enough,

when compared with the amount of calcium in the soil at the beginning

TABLE 12. Comparison of the Amounts of Calcium Found in the Second Later op
Soil at the End of Experiment 1, with the Amount Present in the Soil at the
Beginning of the Experiment

(For the differences to be significant, the mean must be 3.8 times the probable error)

Treatment

Calcium
present in

second layer

of soil

at end of

experiment

Calcium
present in

soil at

beginning of

experiment

Difference

in calcium
Duration of

experiment

.370 ±.0098]

.355 ±.0122

.385 ±.0049
.328 ±.0156

.042 ±.0184

.027 ±.0198

.057 ±.0164
Six months

.340 ±.0098

.305 ±.0061

.325 ±.0073

.318 ±.0066

.328 ±0156

.012 ±.0184

.023 ±.0168

.003 ±.0172

.010 ±0169

Twelve months



The Translocation of Calcium in a Soil 321

of the experiment, to show that there was an upward or a downward
movement of this constituent during the course of the experiment. Such

a comparison is made in table 12. Treatment C shows a downward,
movement of calcium into the second soil layer that is almost within

certainty; but since treatments A, B, D, E, and F do not indicate such a

movement, it can be concluded that there has been no downward move-
ment of calcium within the soil. No upward movement of calcium

resulted from treatment G, as can be seen from the table.

Results of experiments 2 and 3

The results of experiments 2 and 3 are interpreted in the same way
as are those of experiment 1, and are summarized in tables 13 and 14:

TABLE 13. Comparison of the Amounts of Calcium Found in the Second Layer
of Soil at the End of Experiment 2, with the Amount Present in the Soil at the
Beginning of the Experiment

(Limestone added in equal amounts. For the differences to be significant, the mean must
be 3 . 8 times the probable error)

Treat-
ment



322 Benjamin Dunbar Wilson

In table 14 it is shown clearly that growing oats on the potted soil

treated with burned limestone at the rate of 3000 pounds to the acre had

no influence on the downward movement of calcium thru the soil. There

was no movement of calcium in the soil either with or without the growth

TABLE 14. Comparison of the Amounts of Calcium in the Second Layer of Soil
from Planted and Unplanted Pots in Experiment 3

(Calcium added in equal amounts as burned limestone. For the differences to be significant,

the mean must be 3.8 times the probable error)

Treatments compared
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the conclusion that neither small nor large applications of burned or

ground limestone resulted in a downward movement of calcium.

Calcium incorporated with the soil as burned or ground limestone

and placed in the bottom of the pots did not move by diffusion into the

upper soil layers.

No . movement of ground limestone thru the soil was evident when
applied at the rate of 9000 pounds to the acre, irrespective of the fineness

to which the rock had been ground. There was no difference in the

movement of limestone ground to pass a 200-mesh sieve and that held

on a 32-mesh sieve.

Precipitated calcium carbonate when applied to the soil in large amounts
did not move downward to the untreated adjacent soil.

Oats grown in pots on the soil that had been treated with burned lime-

stone had no effect in bringing about a descent of calcium.

It seems logical to believe that a soil deficient in calcium will absorb

this constituent from the drainage water as it percolates thru the soil.

No doubt this occurs, but the amount held by the soil is evidently so

small that it cannot be detected by a chemical analysis. Conclusions

drawn from small differences of calcium found in soil upon analysis are

hardly trustworthy, as it is often difficult to obtain concordant results

from the same sample of soil. When small differences are calculated

to pounds of calcium in an acre foot of soil, as is often done, the real

value of such results is questionable.

CONCLUSION

The results of this investigation are summarized briefly in the following

statement:

The translocation of calcium thru a clayey silt loam soil with a rather

large lime requirement is extremely slow, since in these experiments no

upward nor downward movement of this element was perceptible twelve

months after small, large, or excessive amounts of calcium salts were

applied to the soil.
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